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Description 

[0001] The present invention relates to a novel phospholipid derivative and a liposome containing it. Particularly, it 
relates to a novel phospholipid derivative having a polyalkylene glycol moiety having a maleimide group. 
5 [0002] A liposome being a lipid vesicle is capable of containing many substances irrespective of whether such sub- 
stances are water-soluble or hydrophobic and thus is expected to be a prospective carrier especially for a drug delivery 
system (DDS). 

[0003] In recent years, for the purpose of imparting a functionality to the liposome in addition to the inherent properties 
thereof, an attempt has been made to bond {or introduce) a functional compound such as a protein, a peptide, a sugar 

10 or a hydrophiiic polymer to the liposome surface. 

[0004] On the other hand, many studies have been made to overcome general drawbacks of a liposome, such as 
agglomeration and non-specific capture by a reticuloendothelial system organ such as liver or spleen, and it has been 
found effective to bond a polyethylene glycol to the liposome (Japanese Unexamined Patent Publications No. 
249717/1989 and No. 149512/1990. FEBS letters. 266,235 (1990)). 

15 [0005] Further, for the purpose of imparting the function of protein and the properties of polyethylene glycol, methods 
have been proposed to produce a liposome which contains both a protein and a polyethylene glycol (BBA. V42, 1062 
• . (1991 ), and Japanese Unexamined Patent Publication No. 346918/1992), and CA-A-2 069 244. 

[0006] The former is a method which comprises solubilizing a lipid-modified antibody, a phospholipid, cholesterol 
and a lipid derivative of polyethylene glycol by means of a surfactant, followed by removing the surfactant by dialysis. 

20 to obtain a liposome. However, it is difficult to remove the surfactant completely, and the product will hardly be useful 
as a drug. Further, it is necessary to carry out the dialysis for a long period of time at a temperature higher than the 
phase transfer temperature of the lipid, whereby a useful lipid is rather limited especially when an unstable protein is 
employed for the production. 

[0007] The latter is a method which comprises preparing a liposome containing maleimide groups, then bonding a 
25 protein having thiol groups and further bonding a polyethylene glycol having thiol. groups to excess maleimide groups. 
While the protein can be bonded under a mild condition, this method has a problem that the production process is- 
cumbersome, since it involves a two step reaction, and it is difficult to independently control the amount of each com- 
ponent to be bonded. 

[0008] The present inventors have conducted a study to solve such problems of conventional liposomes containing 
30 both a protein and a polyalkylene glycol and as a result, have found it possible to readily produce a liposome containing 
both a protein and a polyalkylene glycol by using, as a liposome-constituting component, a phospholipid derivative 
having a maleimide group at one end of a polyalkylene glycol and a phosphatidylethanolamine moiety at the other end. 
Further, it has been surprisingly found that the liposome containing such a phospholipid derivative can readily.be 
micronized during the process for micronizing the liposome. The present invention has been accomplished on the basis 
35 of these discoveries. 

[0009] Namely, the present invention provides a phospholipid derivative of the following formula (I) and a liposome 
containing such a derivative: 



40 



45 




(I) 



wherein A is a residue of a phospholipid having a phosphatidylethanolamine moiety, and B is a linking group having a 
polyalkylene glycol moiety. 
[0010] In the accompanying drawings: 
so [0011] Figure 1 is a graph showing the ^H-NMR chart of (Vl-PEG-PE obtained in Example 1. 

[0012] Figure 2 is a graph showing the results of measurement of the particle size distribution of the M-PEG-PE- 
containing liposome prepared in Example .3 by a dynamic light scattering method. 

[0013] Figure 3 is a graph showing the results of measurement of the particle size distribution of the liposome con- 
taining no M-PEG-PE. prepared in Comparative Example, by a dynamic light scattering method, 
55 [001 4] Figure 4 is a photograph showing the reactivity of the antibody-bonded liposome (immunp liposome) prepared 
in Example 4 to human stomach cancer cells MKN45. The obsen/ation was made by a fluorescent microscope using 
a fluorescent lipid integrated to the liposome, as a marker. 

[001 5] Figure 5 is a photograph showing the reactivity of the non-antibody-bonded liposome prepared in Comparative 
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Example to human stomach cancer cells MKN45. The observation was made by a fluorescent microscope using a 

fluorescent lipid integrated to the liposome, as a marker. 

[0016] Figure 6 is a photograph showing the luminous field image of Figure 5. 

[0017] Now. the present invention will be described in detail. 

[001 8] The phospholipid derivative of the present invention is represented by the above formula (I). The residue of 
a phospholipid having phosphatidylethanolamine moiety. for A, is not particularly limited so long as it is the one having 
a phosphatidylethanolamino group. However, it may preferably be a group of the following formula (II): 
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Wherein each of Ri and R2 which are independent of each other, is a C„-Ci9 alkyi group such as a lauroyi group, a 
myristoyl group, a palmitoyi group or a stearoyl group, or a C^r^,^ a"^enyl group such as an oleyl group, and D is a 
single bond, or a Ci-C^ linking group such as -C=(NH2*)(CH2)o.io-- -CO(CH2)o-io- -CH2(CH2)o.io-- 
[0019] The linking group having a polyalkylene glycol moiety for^B. is not particularly limited so long as it is the one 
having a polyalkylene glycol unit such as polyethylene glycol, polypropylene glycol, polytetramethylene glycol or pol- 
yhexamethylene glycol. However, it may preferably be a linking group of the following formula (111): 



-J-PEG-L- 



(111) 



Wherein each of J and L which are independent of each other, is a single bond, or a C^-C^^ linking group such as -CO 
(CH2)o.io-. -{CH2)o-ioCO-. -NHCO(CH2)o.io-. -(CHsIo-iqCONH-. or -CH2(CH2)o.io-. and PEG is a polyethylene glycol 
residue such as -(CH2CH20)-,-,.455-.' 

[0020] Now, a process for producing the phospholipid derivative of the present invention will be described. 
[0021] The phospholipid derivative of the present invention can be produced, for example, by reacting a lipid having 
a thiol group with a polyalkylene glycol having two maleimide groups. 



40 



- S H ^ 




A. - S 



O 




In the above formulas, A and B are as defined above. 

[0022] Now. the process will be described sequentially in detail. 

1 . Preparation of the phospholipid having a thiol group (hereinafter sometimes referred to simply as "the thiol-modified 
50 phospholipid**) 

[0023] The thiol-modified phospholipid can be obtained by introducing a thiol group to phosphatidylethanolamine by 
means of a known amino group-modifying reaction. Namely, it can be produced by dissolving a Traunt reagent such 
as iminothiolane or a mercapto alkyl imidate and phosphatidylethanolamine in an organic solvent such as chloroform 
55 or chtoroform/methanot ( 1/1 to 1 0/1 ) in the presence of a basic compound such as triethylamine or pyridine and reacting 
them at a temperature of from 20 to 40°C under a condition of an inner gas such as nitrogen gas or argon gas. Otherwise, 
it can be prepared by means of a thiol carboxyiic acid disclosed in Japanese Unexamined Patent Publication No. 
72067/1 939. Or. it may be synthesized by bonding a compound inherently containing a sulfur atom, such as N-succin- 
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imidyl-3-(2-pyrridyldithio)propionale. to phosphatidylethanolamine. followed by reducing with a large excess amount 
of a reducing agent such as 2-mercaptoethanol. 

[0024] The phosphatidylethanolamine to be used here, i.e. the phospholipid having a phosphatidylethanolamine 
moiety, for A in the above formula (!), is not particularly limited and may, for example, be natural phosphatidyleth- 
5 anolamine derived from e.g. yolk, dioleyl phosphatidylethanolamine, dimyristoyi phosphatidylethanolamine, dipalmitoyi 
phosphatidylethanolamine ordistearoyl phosphatidylethanolamine, preferably dipalmitoyi phosphatidylethanolamine. 

2. Preparation of the polyalkylene glycol having two maleimide groups (hereinafter sometimes referred to simply as 
"the maleimide PAG") 

10 

[0025] The process will be described in detail with respect to a case wherein the polyalkylene glycol moiety is poly- 
ethylene glycol (hereinafter sometimes referred to simply as "PEG"). 

[0026] The polyethylene glycol derivative having two maleimide groups can be obtained, for example, by dissolving 
diaminopolyethylene glycol (available from Nippon Oil and Fats or Sigma) and at least two mol times of a maleimide- 

J5 modifying reagent such as N-(E-maleimidocaproyloxy)succinimide in an organic solvent such as chloroform dehydrated 
by e.g. molecular sieve, in the presence of a basic compound such as triethylamine or pyridine and reacting them at 
a temperature, of from 20 to 40'C under an atmosphere of an inner gas such as nitrogen gas or argon gas. 
[0027] In addition to N-(e-maleimidocaproyloxy)succinimide. the maleimide-modifying reagent may, for example, be 
N-succinimidyl 4-(p-maleimidophenyl)butyrate, N-succintmidyi 4-(p-maleimidophenyl)propionate or N-(7-maleimidobu- 

20 tyryloxy)succinimide, which is commonly used for the preparation of a maleimide derivative of an amino group. 

[0028] The average molecuiar weight of the PEG moiety is usually from 500 to 20000, preferably from 2000 to 10000, 
more preferably- from 2000 to 5000. As such PEG, Sunbright® VFM5001 (Nippon Oil and Fats) or Potyoxyethyleneb- 
isamine (Sigma) may specifically be mentioned. 

25 3. Preparation of the compound of the present invention (hereinafter sometimes referred to simply as "tvl-PAG-PE") 

[0029] M-PAG-PE can be prepared by adding and reacting the thiol-modified phospholipid dissolved in an organic 
solvent such as chloroform or chlorofornrVmethanol (1/1 to 10/1) to the dimaleimide PAG dissolved in the same solvent 
in the presence of a basic compound such as triethylamine or pyridine at a temperature of from 0 to 40'^C under an 

30 atmosphere of an inner gas such as nitrogen gas or argon gas. Here, the thiol-modified phospholipid is gradually added, 
and its total amount is usually at most an equimolar amount, preferably at most 1/2 mol of the maleimide PAG. 
[0030] Then, hexane or petroleum ether is added to the reaction solution of M-PAG-PE to precipitate a PAG-con- 
taining compound. The precipitate collected by filtration is dried and then dissolved in distilled water at a concentration 
not lower than the concentration where M-PAG-PE itself forms particles (micell) in the aqueous solution. Insoluble 

35 matters are filtered off. and while maintaining the concentration at the above specified level, the solution is subjected 
to molecular weight fractionation by e.g. an ultrafiltration method, a dialysis method or a ge! filtration method to obtain 
M-PAG-PE. At that time, impurities such as unreacted (excess) dimaleimide PAG are removed. Further, if necessary, 
purification by silica gel column chromatography may further be carried out. 

[0031] The phospholipid derivative of the present invention thus obtained can be converted to a liposome by a con- 
40 ventional method. The liposome may be formed by a conventional lipid component such as phosphatidylcholine or 
cholesterol, and M-PAG-PE. or rtiay be formed by mixing such a conventional lipid eornponent, 'M-PAG-PE and another 
lipid derivative having a polyethylene glycol moiety as disclosed in e.g. Japanese Unexamined Patent Publication No. 
249717/1989 or No. 149512/1990 or FEBS letters. 268,235 (1990). 

[0032] The phosphatidylcholine useful as the lipid component is not particularly limited and may. for example, be 
45 natural phosphatidylcholine derived from e.g. yolk, dioleyl phosphatidylcholine, dimyristoyi phosphatidylcholine, di- 
palmitoyi phosphatidylcholine or distearyl phosphatidylcholine. 

[0033] The respective components are used in such proportions that per mol of the phosphatidylcholine, the choles- 
terol is used in an amount of from 0.3 to 1 mol. preferably from 0.4 to 0.6 mol, and M-PAG-PE is used in an amount 
of from 0.001 to 0.4 mol, preferably from 0.02 to 0.1 mol. Further, when another lipid derivative having a polyethylene 
50 glycol moiety is incorporated, such another lipid derivative is used in an amount of not more than 0.4 mo! per mol of 
the phosphatidylcholine. 

[0034] Then, the lipid mixture having the solvent removed, may. for example, be hydrated and emulsified by a ho- 
mogenizer, followed by freezing-thawing to obtain a mullilamella liposome (MLV). Further, it may be subjected to super 
sonic treatment, high speed homogenizing or press-fittration with a membrane having uniform pores (Hope M.J. et al, 
55 Biochimica et Biophysica Acta. 812. 55 (1985)) to obtain a single lamella liposome (SUV) and to adjust the particle 
size to a proper level. Here, a preferred particle size is from 20 to 300 nm, more preferably from 30 to 200 nm. 
[003S] Various drugs may be loaded into such a liposome. As such a drug, an antitumor drug such as adriamycin. 
daunomycin, mitomycin, cispiatin. vincristine, epirubicin, methotrexate. 5FU {5-fluorouracil) or acracinomycin, an 
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aminoglucoside such as gentamicin, a p-lactam antibiotic such as s'ulpenisillin, a toxin such as ricin A or diphtheria 
toxin, or an antisense RNA against human immunodeficiency, virus (HIV), hepatitis B virus, hepatitis C virus or ras 
gene, may, for example, be mentioned. 

[0036] Loading of the drug into the liposome can be conducted by hydrating the lipid with an aqueous drug solution 
5 in the case of a water-soluble drug, or by mixing the drug and the lipid in a volatile organic solvent, followed by distilling 
the solvent off and hydrating the mixture of the drug and the lipid to incorporate the drug into the liposome, in the case 
of a lipophilic drug. 

[0037] Further, for the purpose of imparting a functionality to liposome, it is preferred to bond (introduce) a protein, 
a peptide, a saccharide, a hydrophilic polymer, etc. to the surface of the liposome, as mentioned above. In the present 
' 10 invention." it is preferred to bond (introduce) various proteins including antibodies or growth factories such as fibroblast 
growth factor (FGF) and epitheliocyte growth factor (EGF). Particularly preferred are antibodies. The antibodies are 
those (such as IgA. IgG and IgM) which are reactive with the tissues, cells, bacteria or virus to be treated. For example, 
polyclonal antibodies of various animals, a mouse monoclonal antibody, a human-mouse chimeric antibody and a 
human monoclonal antibody may be employed. 

IS [0038] To bond such a protein to the liposome, the double bond of the maleimide group of the liposome and the thiol 
group of the protein can be utilized. Introduction of a thiol group to the protein can be conducted by a method wherein 
a compound is employed which is commonly used for thiol-modification of a protein and which is reactive with an amino 
group of the protein, such as N-succinimidyl-3-(2-pyridyldithio)propionate (SPDP) (Carlsson. J. et al.. Biochem. J. 173. 
723 (197S)) or iminothiolane, mercaptoalkylimidate (Traut, R. R. et al., Bioche mi story. 12. 3266 (1973)). In the case 

20 where the protein is an antibody, a method may be employed wherein endogenous dithiol groups in the cystine residues 
are reduced to thiol groups. 

[0039] When IgG is employed among antibodies, it may be subjected to F(ab')2 modification by treatment with an 
enzyme such as pepsin, followed by reduction with e.g. dithiothreitol to obtain Fab', whereupon thiol groups formed in 
Fab' are subjected to the bonding reaction with the liposome (Martin. R J. et al.. Biochemistory. 20, 4229 (1981)). In 
25 the case of IgM. J-chain may be reduced under a mild condition in accordance with a method of Miller et al, (J. Biol. 
Cham. 257. 286 (1965)), whereupon thiol groups of Fc moiety of IgMs thereby obtained, are subjected to the bonding 
reaction with the liposome. 

[0040] The bonding of the liposome with such a protein can be accomplished by reacting them in a neutral buffer 
solution (pH 6.0 to 7.5) for from 2 to 15 hours. 
30 [0041] To use the liposome of the present invention as a pharmaceutical composition, it may be administered by e. 
g. intravascular administration or local administration such as intravesical or intraperitoneal administration against 
various diseases. The dose may optionally be adjusted depending upon the pharmacological activities, the type of the 
drug, etc. 

[0042] Now, the present invention will be described in further detail with reference to Examples. However, it should 
35 be understood that the present invention is by no means restricted to such specific Examples. 

EXAMPLE 1 ^ 
Preoaration of M-PEG-PE 
Preparation of thiol-modified phospholipid 



40 



[0043] 21 .8 mg of iminothiolane (manufactured by Sigma Company) was added to 100 mg of dipalmitoyi phosphati- 
dylethanolamine dissolved in 11 ml of a mixture of chloroform/methano! (6/5). Then. 50 ^il of triethylamine was further 
45 added thereto, and the mixture was stirred and reacted at room temperature in nitrogen gas until the ninhydrin reaction 
became negative. Formation of the thiol-modified phospholipid was confirmed by adding fluoresce maleimide (manu- 
factured by Funakoshi) to a part of the reaction solution, reacting them at room temperature for 40 minutes and ob- 
serving a fresh yellow fluorescent spot on a thin layer chromatography. 



so Preparation of dimaieimide PEG 

[0044] 810 mg of diamino polyethylene glycol (Sunbright® VFM5001 (manufactured by Nippon Oil and Fats); average 
molecular weight: 5000) was dissolved in 5 ml of chloroform dehydrated by a molecular sieve, and 100 mg of N-(e- 
maleimtdocaproyloxy)succinimide and 50 |il of Iriethyamine were added thereto. The mixture was stirred and reacted 
S5 at room temperature in nitrogen gas. Formation of dimaieimide PEG was ascertained by confirrhing that the ninhydrin 
reaction became negative. 
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Bonding and purification 

[0045] To 4 ml of the above dimaleimide PEG solution diluted to 30 ml with chloroform, 10 ml of the above thiol- 
modified phospholipid solution was gradually added, and the mixture was stirred at room temperature for 3 hours under 

5 a nitrogen gas condition. To 20 ml of the reaction solution thus obtained, an adequate amount of hexane was added 
to form a precipitate containing M-PEG-PE. The precipitate was vacuum-dried, whereupon the weight was 330 mg. It 
was dissolved in 10 ml of distilled water, and insoluble substances were removed by centrifugal separation of 16000 
X g for 5 minutes. Further, the same amount of distilled water was added, and concentration-filtration was repeated 
by means of Centricon 100 (manufactured by Amicon) equipped with an ultra filter membrane with a molecule weight 

10 fraction of 100k. By this purification process, PEG not combined with the lipid derivative.' was filtered off. 

Measurement by NMR 

[0046] As shown by the ^H-NMR chart of the desired product in Figure 1, a signal of 1 .54 ppm of the alkyl chain 
75 proton of the phospholipid, a signal of 3.57 ppm attributable to -CH2CH2O- of PEG and a signal of 6.61 ppm attributable 
to the double bond of the maleimide, were confirmed. 

Reference Example 1 

20 [0047] As shown in Example 1 , the phospholipid derivative of the present invention was considered to behave as a 
molecular aggregate in the aqueous solution. Therefore, the form of M-PEG-PE in the aqueous solution was studied. 
[0048] M-PEG-PE dissolved in distilled water at a concentration of 0.5 mg/ml. was measured by a dynamic light 
scattering method (ELS-800, manufactured by Otsuka Denshi). whereby particles of 24.8 nm (g (GAMMA) distribution) 
were observed. 

25 

EXAMPLE 2 

Measurement of maleimide 

30 [0049] The maleimide content of M-PEG-PE obtained in Example 1 was determined by adding cysteine to the aque- 
ous solution and quantitatively analyzing the SH amount consumed by the maleimide by means of 4,4'-dithiopyridine. 
Namely, an aqueous solution containing 1 . 1 mg/ml of M-PEG-PE was mixed in the following proportion, and the mixture 
was reacted at room temperature for 30 minutes. 
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M-PEG-PE 

ImM EDTA-containing O.IM phosphate buffer (pH 6.0) 
0.5mM cysteine 



100^1 
800fil 

100)JLI 



[0050] After the reaction, 40 ^il of SmM 4,4'-dithiopyridine was added to 960 ^il of the above solution, and the male- 
imide content was determined by comparing the change-in the absorbance at 324 nm by the color developed by the 
reaction with the remaining cysteine, with that of the control sample (a mole absorbance coefficient of the developed 
45 color of 19800/M was employed). 

[0051] As a result, a maleimide amount of 0. 1 7 ^mol per mg of M-PEG-PE was detected. 

EXAMPLE 3 

50 Preparation of liposome containing M-PEG-PE 

[0052] 50 mg of dipalmitoyl phosphatidylcholine, 1 4.6 mg of cholesterol, 10.7 mg of M-PEG-PE and 0.1 6 mg of FITC- 
DPPE (1,2-Dihecadeconay!-sn-glycero-3-phospho[N-(5-fluoresceinthiocarbamoyl)]ethanol,amine, manufactured by 
Sigma) as a fat-solbte marker, were dissolved uniformly in chloroform, and the solvent was removed by an evaporator 
55 to form a lipid film. Further, the film was dried under reduced pressure by a vacuum pump for 2.5 hours, and then a 
O.IM phosphate buffer solution (pH 6.0) and 1 ml of ImM EDTA were added thereto, the mixture was stirred and 
hydrated by a voltex mixer. Then, freezing-thawing was repeated five times by means of liquid nitrogen and warm bath 
of 65''C, to obtain a milky white muitilamefia liposome (MLV). 
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[0053] Then. 0.5 ml of the above MLV was adjusted to 1 m! with the above buffer solution and subjected to supersonic 
treatment lor 10 minutes by a Probe-type sonicaler (Sonifier 450. manufacture by Branson Company) at an output of 
207o, to obtain a transparent small diameter liposome (SUV solution). Figure 2 shows the particle size distribution of 
the liposome thus obtained, as measured by a dynamic light scattering method, it is shown that there was no inclusion 
5 of particles having a diameter of more than 1 fim. 

COMPARATIVE EXAMPLE 

[0054] MLV was prepared in the. same manner as in Example 3 except that the lipid composition did not contain M- 
70 PEG-PE. Supersonic treatrrient for 10 minutes was repeated twice in the same manner, and then the particle size 
distribution was measured by a dynamic light scattering method, the results are shown in Figure 3. Particles having 
a diameter of more than 1 (^m were included, thus indicating that no adequate micronization was accomplished. 

EXAMPLE 4 

75 ... 

Bonding of an antibody to the^M-PEG-PE-containinq liposome 

[0055] To an antitumor human monoclonal antibody (IgG; GAH disclosed in EP 0520499 A), 1/40 mol amount of 
pepsine (Cooper Biomedical) in O.lfvl acetic acid buffer solution (pH 4.0). was added, and the mixture was reacted at 
20 37'>c over night for digestion to obtain F(ab')2. 

[0056] Further, by chromatography separation with a cation exchange resin (Mono S, manufactured by Pharmacia), 
F(ab')2 was isolated. The preparation was conducted by a linear gradient from OM to 1.0M NaCI in a 0.1M acetic acid 
buffer solution (pH 4.0). to obtain F(ab')2. . . 

[0057] The buffer solution was changed to a 50mM phosphate "buffer solution (pH 7.5) and 1mfyl EDTA in a PD-10 
25 column (manufacture by Pharmacia) to obtain a solution having an antibody concentration of 2.4 mg/ml. Then, imi- 
nothiolane (3 mg/ml) was added thereto in an amount corresponding to 4 mol times of the antibody and the mixture 
was reacted at 37°C for one hour. Unreacted iminothiolane was removed by demineralizatlon by a PD-10 column 
equilibrated with a 0.1 M phosphate buffer solution (pH 6.0) and ImM EDTA. to obtain 1.9 mg/ml of a thiol-modified 
antibody. 

30 [0058] To 0.7 ml of this antibody. 0.42 ml of the SUV liposome obtained in Example 3. was added, and the mixture 
was shaked at room temperature over night to obtain an immunoliposome. 

EXAMPLES 
35 Reactivity to the target cells 

[0059] Using human gastric cancer cell line MKN 45 (having a reactivity with the antibody used in Example 4) which 
was cultured on a slide chamber (Lab-Tek® chamber, manufactured by Nunc, inc.) and fixed by paraformaldehyde, 
the reactivity of the immunoliposome prepared in Example 4, was confirmed. A reaction solution comprising 50 ^1 of 

40 the liposome solution. 150 jit of a human serum and 50 ^il of a 10 mM phosphate buffer solution (pH 7.4) and 0.1 5M 
NaCl. was added to the cells, and the mixture was incubated at 37'C for 30 minutes. After washing with the same 
buffer solution, fluorescence of FITC-DPPE (as mentioned above) introduced as a marker, was observed by a fiuores- 
cence microscope (Confocal microscope adoptor VX100. manufactured by Newport). The respective fluorescence 
microscopic photographs are shown in Figure 4 (antibody-bonded liposome). Figure 5 (non antibody-bonded liposome 

45 prepared in Comparative Example) and Figure 6 (Luminous field image of Figure 5). As compared with the liposome 
used as control, high reactivity of the immuno liposome of the present invention to MKN45 cells was confirmed. 
[0060] The phospholipid derivative of the present invention is useful as a phospholipid component constituting a 
liposome, and the liposome employing the phospholipid derivative has a polyalkylene glycol^moiety whereby non- 
specific uptake by a recticuloendothelial system such as liver or spleen can be suppressed and at the same time the 

50 liposome can be readily bonded to a protein having thiol moiety Further, by means of the phospholipid derivative of 
the present invention, the liposome can readily be micronized. 

Claims 

55 

1. A phospholipid derivative of the following formula (I): 
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wherein A is a residue of a phospholipid having a phosphatidylethanolamine moiety, and B is a linking group having 
10 a polyalkylene glycol moiety. 

2. The phospholipid derivative according to Claim 1 , wherein the residue of a phospholipid having a phosphatidyleth- 
anolamine moiety is of the following formula (II): 

IS 
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I 

0 • 



30 



wherein each of and R2 which are independent of each other, is a C^i - C^g alkyi group or a C^tCiq alkenyl 
group, and D is a single bond, or a C^-C^t linking group. 

3. The phospholipid derivative according to Claim 1, wherein the linking group having a polyalkylene glycol moiety 
is of the following formula (III): 



35 



-J-PEG-L- 



(III) 



■ wherein each of J and L which are independent of each other, is a single bond, or a C^ -C^^ linking group, and PEG 
is a polyethylene glycol residue. 

40 4. A liposome containing a phosphonlipid derivative of the following formula (I): 



45 



S r N - B - iN 

0 0. 



so 



wherein A is a residue of a phospholipid having a phosphatidylethanolamine hnoiety. and B is a linking group having 
a polyalkylene glycol moiety. 

55 5. The liposome according to Claim 4 having a thiol group-imparted protein bonded via the phospholipid derivative. 

6. The liposome according to Claim 4 having a thiol group-imparted protein bonded via a double bond of a maieimide 
group of the phospholipid derivative. 
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7. The liposome according to Claim 4 having a drug loaded. 

8. The liposome according to Claim 7. wherein the drug is an antitumor drug. 

9. The liposome according to Claim 8, wherein the antitumor drug is selected from the group consisting ol adriamycin, 
daunomycin, mitomycin, cisplatin. vincristine, epirublcin, methotrexate. 5-fluorouracil and acracinomycin'. 

10. The liposome according to any one of Claims 5 to 9, wherein a protein having a thiol group is an antibody wherein 
endogenous dithiol groups in cistine residues thereof having been reduced to thiol group. 

11. A pharmaceutical composition' comprising an effective amount of the liposome according to Claim 7. and a phar- 
maceulically acceptable carrier thereof. 

PatentansprOche ' 

1. Phospholipid-Derivat der folgenden Formel (1): 



N-B-N, 

0 0 



(I) 



worin A ein Phospholipidrest mit einer Phosphatidylethanoiamin-Einheit ist, und B eine Bindungsgruppe mil einer 
Polyalkylenglykol-Einheit ist. 

2. Phospholipid-Derivat nach Anspruch 1 , wobei der Phospholipidrest mit einer Phosphatidylethanolamin-Elnheit der 
folgenden- Formel (II) entspricht: 

0 ' ~ 

II 

1.- C - 0 - C H 7 ' 

0 

R.-C-0-CH-CH.O--P-0-(CH,) 3NH D — 

0 - 

worin jedes von und welche voneinander unabhangig sind, eine Cii-Cig-Alkylgruppe oder CTi-Cig-Alke- 
nylgruppe ist, und D eine Einfachbindung oder eine Ci-CTT-Bindungsgruppe ist. 

3. Phospholipid-Derivat nach Anspruch 1 . wobei die Bindungsgruppe mit einer Polyalkylenglykoi-Einheit der folgen- 
den Formel (III) entspricht: 

-J-PEG-L- (HI) 

worin jedes J und L, welche voneinander unabhangig sind. eine Einfachbindung oder eine C, -C „ -Bindungsgruppe 
ist, und PEG ein Polyethylenglykolrest ist. 

4. Liposom, enthaltend ein Phospholipid-Derivat der folgenden Formel (I): 
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worin A ein Phosphoiipidrest mit einer Phosphatidyiethanolamin-Einheit ist, und B eine Bindungsgruppe mil einer 
Polyalkylenglykol-Etnheit ist. 

5. Liposom nach Anspruch 4 mit einem Qber das Phospholipid-Derivat gebundenen Protein, das mit einer Thiolgruppe 
versehen ist. 

6. Liposom nach Anspruch 4 mit einem Qber. eine Doppelbindung einer Maleimidgruppe des Phospholipid-Oerivats 
gebundenen Protein, das mit einer Thiolgruppe versehen ist. 

7. Liposom nach Anspruch 4, das mit einem Arzneimittel beiaden ist. 

8. Liposom nach Anspruch 7, wobei das Arzneimittel ein Antitumor-Arzneimittel ist. 

9. Liposom nach Anspruch 8. wobei das Antitumor-Arzneimitte! aus der Adriamycin, Daunomycin, Mitomycin, Cis- 
piatin, Vincristin, Epirubicin, Methotrexat, 5-Fluorouracil und Acracinomycin umfassenden Gruppe gewahit ist." 

'10. Liposom nach mindestens einem der Anspruche 5 bis 9, wobei ein eine Thiolgruppe aufweisendes Protein ein 
Antikorper ist, wobei endogene Dithiolgruppen in Cistinresten hien/on zur Thiolgruppe reduziert worden sind.^ 

1 1 . Pharmazeutische Zusammensetzung, umfassend eine wirksame Menge des Liposoms nach Anspruch 7 und einen 
pharmazeutisch annehmbaren Trager hierfijr. 

Revendications 

1. Derive de phospholipide de formule (I) suivante : 

A k 

A— S N— B— N 

o o 

dans laquelle A est un residu d'un phospholipide ayant un fragment phosphatidyiethanolamine, et B est un groupe 
de liaison ayant un fragment polyalkyleneglycol. , ^ 

2. Derive de phospholipide selon la revendication 1 , dans lequel !e residu d'un phospholipide ayant un fragment 
phosphatidyiethanolamine repond a la formule (11) suivante : ^ , 



10 
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vo 



O - (II) 

r' — C— O— CHj 

0 
II 

r'— C— O— CH-CH^O— P— 0(CH2)2NH— D 




A— S N — B— N 






dans laquelle chacun de et R2, qui sont tndependants I'un de I'autre. est un groupe alkyle en C^^ a C^g ou un 
groupe alcenyle en C„ a C^g, et D est une liaison simple, ou un groupe de liaison en a C^^. 

3. Derive de phospholipide selon la revendication 1 , dans lequel le groupe de liaison ayant un fragment polyalkyle- 
15 neglycol repond a la formule (III) suivante : . 

-J-PEG-L- (III) 

20 dans laquelle chacun de J et L, qui sont independants I'un de I'autre, est une liaison simple, ou un groupe de 

liaison en a C^^. et PEG esfun residu de polyethyleneglycol. • 

4. Liposome contenant un derive de phospholipide de formule (I) suivante : 

(I) 



30 



dans, laquelle A est un residu d'un phospholipide ayant un fragment phosphatidylethanolamine, et B est un groupe 
35 de liaison ayant un fragment poiyalkyleneglycol. 

5. Liposome selon la revendication 4. ayant une proteine. a laquelle est conferee un groupe thiol, qui est liee par 
I'intermediaire du derive de phospholipide. 

40 6. Liposome selon la revendication 4, ayant une proteine, a laquelle est conferee un groupe thiol, qui est liee par 
I'intermediaire d'une double liaison d'un groupe maleimide du derive de phospholipide. 

7. Liposome selon la revendication 4, qui est charge d'un medicament. 

45 8. Liposome selon la revendication 7. dans lequel le medicament est un medicament antitumoral. 

9. Liposome selon la revendication 8, dans lequel le medicament antitumoral est choisi dans le groupe constitue par 
I'adriamycine, la daunomycine. la mitomycine. le cisplatine, la vincristine, I'eptrubicine. le methotrexate, le 5-fluo- 
' rouracile et I'acracinomycine. ^ 



50 



10, Liposome selon I'une quelconque des revendications 5 a 9. dans lequel une proteine ayant un groupe thiol est un 
anticorps dans lequel des groupes dithiol endogenes dans des residus de cystine de celui-ci ont ete reduits en 
groupes thiol. 

11, Composition pharmaceutique comprenant une quantite efficace du liposome selon la revendication 7 et un support 
acceptable en pharmacie pour celui-ci. 
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FIGURE 2 
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FIGURE 4 
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FIGURE 5 
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FIGURE 
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